Introduction
In the modern biota, direct access to organisms has revealed significant parts of their 47 network of ecological interactions. In contrast, understanding of such interactions is incomplete 48 in ecosystems of the geologic past. Specifically, in terrestrial ecosystems we know (Wilf et al., 2005b) . The fossil community associated with the 56 osmundaceous fern is surprisingly diverse and includes the first fossil epiphytic liverworts. 57 Preserved in situ, this community offers a rare window onto aspects of ancient ecosystems 58 usually lost to time and taphonomic processes. Such ecologically relevant aspects of concurrent 59 plant-plant, plant-fungus, and animal-plant interactions (abundance and diversity of epiphytes 60 and fungal decomposers, incidence of herbivory), typically unavailable for fossil associations, 
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The osmundaceous rhizome, preserved by silicification, has been studied in serial thin 111 sections using light microscopy. Photographs of whole thin sections were taken using a light box 112 and a Canon EOS 70D Camera fitted with a Canon 60mm macro lens, and stitched together 113 using Photoshop CC (Adobe, San Jose, California, USA). All other micrographs were taken 114 using a Nikon Coolpix E8800 digital camera mounted on a Nikon Eclipse E400 microscope and 115 processed using Photoshop CC. All specimens and preparations are housed in the collections of (Fig. 1a) . At each intersection of the grid, we recorded the 119 type of fern tissue and the presence and type of colonizers. This yielded 3820 data points for the 120 entire rhizome cross section. Of these, 252 data points included colonizing organisms (see Table   121 1).
Results

123
The host fern More than 100 small leafy shoots are found, primarily along the outer perimeter of one 137 side of the rhizome, but also between leaf bases elsewhere along the rhizome (Fig. 1a) . These (Fig. 2c) . Leaves are two-ranked and attached at 10-45 µm intervals (Fig.   142 2a) . Incompletely preserved, they are at least 490 µm long, lack a midrib, and are inserted at 30-143 40° angles (Fig. 2a) . Their thickness (7.5-12.5 µm) indicates that they are probably unistratose.
144
The small size of these plants and their lack of conducting tissues indicate that they are 145 bryophytes. The only bryophyte group that combines pinnately branched gametophytes with 146 two-ranked leaves that are unistratose, lack a midrib, and are inserted at wide angles to the stem 147 are leafy liverworts (Schofield, 1985) . The incomplete preservation of the leaves, which 148 typically provide taxonomically informative characters among liverworts, precludes a narrower 149 systematic placement of these plants.
150
In addition, a small root was found in the detritus at the periphery of the rhizome (Fig.   151 1a) . The root is 0.7 mm in diameter and has a diarch protostele ca. 100 µm wide (Fig. 2d) .
152 Secondary xylem with narrow (10-21 µm) tracheids (Fig. 2d ) comprises ca. 75 % of the root; 153 some bark is also preserved (Fig. 2d) . The diarch primary xylem and high proportion of 154 secondary xylem lacking vessels are features typical of gymnosperms (Esau, 1965) . Fungal hyphae are abundant in highly degraded parts of the rhizome and in surrounding 158 plant detritus (Fig. 1a, 2l ). They fall into two types: (1) smaller, apparently aseptate hyphae 1.5-159 2.0 µm in diameter; and (2) larger, septate hyphae 3.0-5.0 µm in diameter (Fig. 2l) . The latter 160 have septa spaced at 21-22 µm; clamp connections were not observed.
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Darkly pigmented, round to oval cerebriform microsclerotia are also abundant in highly 162 degraded parts of the rhizome and in the associated plant detritus (Fig. 1a) . The microsclerotia 163 are 42-50 µm in diameter and composed of isodiametric to oval cells 4-12 µm in size (Fig. 2f) . 164 These microsclerotia are similar in size and morphology to cerebriform microsclerotia described It is unclear whether this fern rhizome was living at the time of permineralization.
234 Nevertheless, a variety of biotic interactions, involving arthropods, liverworts, fungi and vascular 235 plants, were clearly occurring, covering the rhizome in several kinds of life (Fig. 1a) just like 236 extant osmundaceous rhizomes (Fig. 1b) . The distribution and frequency of each kind of 237 organism associated with the rhizome by tissue type ( Fig. 2n; Table 1) show that most associated 238 organisms are much more abundant in the more degraded region of the rhizome (Fig. 1a) .
239 Liverworts and fungi in detritus are found primarily external to the fern tissues, and secondarily 240 in some of the most degraded tissues near the periphery of the rhizome (Fig. 1a, 2n ). Coprolites 241 also occur in all types of tissue, as well as externally to some of the most degraded leaf bases, 242 indicating that the arthropods that produced them did not have strong preference for lignified or 243 parenchymatous tissues (Fig. 1a, 2n) . Table S1 . Scale bars: a-e 250 µm; f 25 µm; g-k, m 5 µm; l 2.5 µm.
